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Description 



This invention relates to a random copolymer consisting essentially of a 1 ,4,5,8-di-methano-1 2 3 4 4a 5 8 8a- 

ZZT^T l rr:T ne and an alpha " iefin of at ,east 3 carbon ^ * 

More specAcally ,t relates to a random copolymer having excellent transparency and a well balanced combination of 
sucn"^ 

p^° !y , Ca rb ° nat8 ' P0ly <™ ,hyl meth acrylate) and poiy(eth y iene terephthalate) are known as synthetic resins having 
excellent transparency. The polycarbonate resin has excellent heat resistance, heat aging resistance and S 
strength as we, as excellent transparency, but also has thedefect of poorchomlcaliB.l^^^CK 
by strong alkahs. Poly(methyl methacrylate) has the defect that it is susceptible to attack by ethyl ace* e a etone and 
toluene ,s swollen in ether, and has low heat resistance. Polyethylene terephthalate has S^^S^S^S 

zzzt properlie5 but has the defect of possessins weak resistanc * to -* - « srsss; 

Many polyolefins well known as general-purpose resins have excellent chemical resistance solvent resistance 

ZTe^ r or h Jn^ ParenCy ° f P °T lefinS " 9eneral 'y im ^° ved b V addi ^ a nucleating agent to render the cry S ta^ 
e^rJLl , P k ^'"E qU6nCh,n9 t0 St ° P 1he 9fOWth ° f Crysta,s ' but such ™ asure * have not proved to be 
entirely effective. Rather, the addition of a third component such as the nucleating agent is likely to impair the inherent 

likely to reduce heat resistance or rigidity with a decrease in crystallinity. 

l^^ZZT^T^ b6en Pr ° POSed f ° r pr ° dUCin9 polymers havin 9 superior transparency by copo- 
dro S SZ ? " c 7 ono ^ rs - U- S. Patent 2,883,372 discloses a copolymer of ethylene with 2 3-diny- 

as a we " balanced combination of ri9idity and transparenc y but ,ow heat - 

sistance as shown by its glass transition temperature of about 100°C 

nnlvl^T ? tem PubliCati ° n Na 14 ^°'^ discloses a process for producing a homo- or co-polymer having 
polymerized units represented by the following formula (a) Rhymer navtng 




(a) 



5 8 Jr^l R ^ TkT" ° r 3 '° Wer a ' kyl 9r ° UP ' WhiCh C ° mpriSes P°'ynieriz,ng a 1 ,4,5,8-dimetbano-1 ,2 3,4 4a 
5,8,8a-octahydronaphthalene represented by the following formula (b) >^w™, 



QOr" 



(b) 



wherein R is as defined above, 
oJr.Zl 3 , °IZ C °'f n Se ! 8Ctedf T Slyren6, acena P hth V' en ^ bicyclo-[2.2. 1 ]he P tene-2, alkyl-substituted products 

the ^fn^^^^l^ ,hS 1 ' 4 ' 5 - 8 - di - metha "°-''.2.3,4.4a.5,8.8a-oct a hydr 0 na P hthai e ne as a part or 
the whole of monomers and methods for production thereof are also disclosed in Japanese Laid-Open Patent Publi 

f rJTS™™* d f C ' OSed 10 th6Se Pri ° r d ° CUmentS are Powers having polymerized units resulting 

*7:r„r yiNnte9eBe ~ ,h -^ 

AH ol .he potymers described in the above prior art documents are ringopened polymers obtained by the ring 
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scission of a monomer. U. S. Patents 3,330,815 and 3,494,897 and Journal of Polymer Science' Polymer Physics 
Edten, volume 12, 1607-1618 (1974) describe polymers of the type obtained by the opening of the 7ouZ bond of 
monomer Without the ring scission of the bicyclohept-2-ene skeleton of the monomer 

U. S. Patent 3.330,815 discloses that a polymer comprising polymerized units of the following formula (c) 



tor 



(c) 



or the substitution product thereof is obtained from bi-cyclo[2.2.1 ]he P t-2-ene of the following formula (d) 

^3) — (d> 

or its substitution product. 
repre Se ~^ 



R R* 



"\ <*> 



nnhTw, 44 3 1 Clai "; 9 ? ° f this Pa{ent diSOloses a c °P°'y mer of eth V"ene with tetracycline 02.7]-4-dodecene 
of the following formula (f) encompassed within the formula (e) r ^ ' j 4 aooecene 

CO — - 

and ethylene. The Patent does not describe the content of the tetracyclododecene of the copolymer of Example 44 

TSZ ^T^ITT Un ' tS f ^ fr ° m ab ° Ut 2 m ° le% at m0St ° f the tetracyclododecene. U. S PaTen 

v . P nf a nH al °f i Polyme ^ Science: Po, y mer Ph y^cs Edition, volume 12, 1607-1618 (1974) discloses copolymers of eth- 
ylene and norbornene derivatives having dynamic mechanical properties. Table II of this document ^ZaZlrtvZ 
of ethylene containing 1 mole% of polymerized units derived from the same compound as ^ImZmZ^Z 
atr^ 

The copolymers described in these prior art references which contain only 2% at the most of nrtahvrimHi™»h 
anonaphthalene have a glass transition temperature of about 15°C at the Wghesi They sT^ 
nature and have poor heat resistance and mechanical properties * 9 * 

e , U ^ 4 !? 5 013 diSC ' 0SeS ,hS modificaIion of ethylene-a-olefin-nonconjugated diene elastomeric polymers with a 

US -A 3494897 SS^" ^ ^ " USed asTe treads "* 3 

units IS fo'r^a d,SC,oses copoiymsrs of ethylene and bicyclo [2.2. 1 J hept-2-ene whrch contain rn the poJynner cha»n 



The invention seeks to provide copolymers having excellent transparency and a well balanced combination of boat 

su^c a9,n9 resistance ' chemicaf and so,veni resistance - dieiect " ic p^^sr^s^^ss 

The invention accordingly provides a random copolymer, characterised in that 

(A) it consists essentially of (i) polymerized units derived from a. least one 1 ,4,5,8-dimethano-l 2 3 4 4a 5 8 8a 
octahydronaphthalene represented by the formula (1 ) ,^,3,4,43,5,8.83- 
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en 



wherein R„ and Rj are the same or different and each represents a hydrogen atom a haloaen atom or an alkvl 
°™P-K-andR 2 maybebonded,oeacho,her,o,orma, ri me,hy^ 

X 

LTn' C A R3 , and R " T lbe S3me °' di " erenI and each "V-en* a hydrogen atom, a halogen atom or an alkvl 

of at least 3 carbon atoms and/or a cycloolefin in addition to that of formula (1 ) pna-oierin 

B) the mole ratio of polymerized units derived from the t.4,5,e-dimelhano.1.2,3,4,4a 5 8 Sa-octahvdronaohtha 

B') me mr,T S , U f dariVSd "° m mhVlene ' S "° m 3:97 10 95 5 ' ~y from 5 95 to sSo ' 
T2Th V , u p0lyme " ze ' 1 units derived ,rom <"« al least one alpha<,lefin and/or cycloolefin to the polvm 

R, 

(2) 



wherein R 1 and R 2 are as defined above. 



rvJT™ inV9nti0n alS ° Pr ° Vid9S 8 pr0C6SS f0r producin 9 a random c °P°'ymer as defined above which com 

prises copolymenang a monomer mixture consisting essentially of ethylene at least one ak*m^*Jfi^* 

Z^ZTo^~ c ° mpound wh,ch are solub,e in ,he h ~ "•*"»'- *~ Z 

The present inventa further provides shaped articles of a random copolymer as defined above 
me 1,4.5,8-dimethano-1,2.3,4,4a,5 ; 8,ea-oclahydronaphlhalene, i.e a tetracvclolS 2 1 1 36 oz 7, , rt rvw„™ 
used in this mvenlion is represented by the above formula (1) l«racyc*j(6,Z,1.1 .0 J-4-dodecene. 

Examples of the halogen atom for R, to R 4 are fluorine, chlorine and bromine The alkvl qrouo for R to R m»v 

Examples of the 1 ,4,5,8-d,methano-1 ^a^a.S^Sa-octahydronaphthalene of formu«a (1 ) include 

1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-oetahydronaphthalene 

2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-ociahydronaphthalene 

2-ethyf-1 ,4,5,8-dimethano-l ,2,3,4, 4a,5,8,8a-octahydronaphthalene 

2-propyl-i,4,5,8-dimethano-i,2,3,4,4a,5,8.8a-octahydronaphthalene 

2-hexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene 

2-stearyl-l,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene 

2-decyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene 

2,3-d,methyM,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene 

2,3-d.methyl-3-ethyl-1,4 t 5,8-dimethano-1,2,3,4,4a,5.8,8a-octahydronaphihalene 
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2-chloro-1,4.5,8-dimethano-l,2,3,4 > 4a 1 5,8,8a-octahydronaphthalene 

2-bromo-1,4,5 l 8-dimethano-1 l 2,3,4,4a l 5 l 8,8a-octahydfonaphthalene 

2-fluoro-1,4,5,8-dimethano-1 l 2,3,4,4a,5 l 8,8a-octahydronaphlhaiene l ' 

^-cyclohexyl-I^.S.e-dimethano-I^.S^^a.S.aSa-octahydronaphthalene 

2-fsobutyl-l > 4,5,8-dimethano-1,2,3 l 4 l 4a,5,8 [ 8a-octahydronaphthalene 

2 ) 3-dichloro-l,4,5,8-dimethano-l,2,3 ) 4,4a,5,8 1 8a-octahydronaphtha!ene 
12-ethy|.hexacyclo[6,6 I 1,l3.6iio.i3 i o2.7 0 9.u ] . he p tadecene ^ 

12-methyl-hexacyclo[6,6,1 ,13.6,1 10.13 0 2.7 0 9,H ] . heptadecene ; 4 
1 2-Jsobutyl-hexacyclo(6,6 1 1,13.6 110.13 0 2,7 09.i4i. heptedecene .; 
hexacyclo[6 l 6.1,l3.6 1 io.i3 0 2.7 0 9.i4 ]heptadBCene ^ and 
pentacyclo[6.5, 1,1 3.6 Q2.7, 0 9.1 3] pentadecene . 4 



x: 

are preferred. 

enc a A o f C :cX thePr00eSS °' ,hiS inVen,ba m ° n0merS areco P 01 ^^ • hydrocarbon so^n, infhepres- 

inj^^ 

Suitable vanadium compounds include vanadium halides such as vr I VRr vri 
such as VOCU VOBr. VOCI anri vriRr • daium na " aes sucn as VCI 4> VBr 4: VCI 3 and VBr 3 ; vanadium oxyhalides 

R' A^^erein ^^"TT*' ' 09e,her "* !he Va " a * m ""P"* «™P°un* <* formula 

chlonne or bromine, and^'e ZST. ch £^T^2S2 3 T ^ 

above formula in which m hae an average v^e such lha. , <m<, " 7 ? organoalum.mum compounds of the 

minium monochloride, di(sec-butyl) aluminium monochiorirtP hi n nl V n aiuminium monochlorrde, di(n-butyl) alu- 
ium monochloride: alkyl aluminium alUrnin,um monochlo ^e and dioctyl aiumin- 

quichloride, n-propylaLilm se^aufchtrfdf n h m , V ^'^ ses ^ ichloride . kopropyl aluminium ses- 
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The copolymerization is carried out in a hydrocarbon solvent. Examples of the solvent include aliphatic hydrocar- 

^ s such ' as pentane ' hexane ' heptane - 00,906 and kerosene; alicyc * 

having 5 to 1 5 carbon atoms such as cyclopentane and cyclohexane; and aromatic hydrocarbons having 6 to 1 5 carbon 

atoms such as benzene, toluene and xylene. These solvents may be used singly or in combination 

by ii NMR e aS^ta UnitS d6riVed ,r ° m PartiCU,ar m ° n0merS in the random ^Po^er of the invention are measured 

nf ihl" e h rand ° m l° POlymer ! ° f l h8 inVenti ° n ' theref ° rei USU8lly have an iodine number of "* more than 5, and many 
3n ,0d,ne w nUm , ber f m ° re th8n 1 • ThS rand ° m C °P 0l * mers of this invention Preferably have an intrinsic 
viscosity h], measured in decalin at 135°C, of 0.005 to 20 dl/g, more preferably 0 01 to 15 dl/g 

The novel random copolymers of this invention are generally amorphous or of low crystallinity. Preferably they are 

^xTm^TJl^T 9 r/ ran r rency - Generaiiy ' these copoiymers ha - a ^~ 

oy x-ray diffraction, of not more than 40%, preferably not more than 25% 

not m T orZi7r° f ^ "T™ *** * P ° int ' by 3 differenlial scan ™9 calorimeter (DSC), of 

not more than 135°C, preferably not more than 128°C, or does not show a melting point 

1 2 3 4^^^ iP fh WhiC : m °' e rali ° ° f P 0| y meri2ed unils <™ the 1 ,4,5,8-dime.hano- 

™ttn ^nl y ?° i ? 06 10 thG P oi y mer,zed units f rom ethylene is from 1 0:90 to 90; 1 0, preferably from 

not more than 10%, and a melting point, measured by a differential scanning calorimeter, of not more than 128»C 
preferably not more than 100°C, and a glass transition temperature measured by a dynamic meThanica! anaLer 

es^f L V , ° U P ° nt ° f 3t ' eaSt 8 °° C ' Pr6,erably 100 10 22 °° C - have •^SISSK 
resistance heat agmg resistance, chemical and solvent resistance, dielectric properties and mechanical propels 
such as ng.d.ty Accordingly, these copolymers can be used as a transparent resin in various fields including an opS 

TnlTt T SUbStral6S f ° r NqUid CfyStal disp,a * substrates ^ P^ted circuit boards, substrates 

for high frequency circuits, and transparent electrically conductive sheets or films, medical and chemical fields as 

1 2 ?lT™Z POlV ?T? ,his : n t y enti0n in which the mo,e ^io of the polymerized units from the 1 ,4,5,8-dimethano- 

of 0 005 t "n , H? aSU f I n°; NMR ana ' ySiS) ' and WhiCh haVe an intrinsic viscosit V' measu ^ in decalin at 135°C 
of O005 to 0.3 d^g, preferably 0.01 to 0.3 d^g, especially preferably 0.05 to 0.2 dl/g, a crystallinity determined bv X 

ZZTrlf* T ,1T C ' Pref6rably n0t m ° re ,han 100 ° C ' a 9 ,ass tra "^tion temperature measured by a 

280*0 oMOO oT 3 y2 ? r (DMA) "f 6 by ° U P ° nt ° f 31 ' eaSt 80 ° C ' pre,erab 'V 100 10 a*™, and a viscosity at 
280 C of 100 to 2 x 105 centipoiseSi preferably 100 to 2 x 10* centipoises are of relatively low molecular weioht and 
have excellent transparency, heat resistance, heat aging resistance, dielectric properties and TZa ^Ivenl 
res^nce.Hence,theyareusefu.assynthetic waxes -n various applications. For Lmp.e, these low-^ 

' nVemi0n 6XtenSiVe US6 85 Cand ' eS ' -P^tingagents for matchwood pape 
E h T ■ 9 a9entS> mbber anti0Xidants < waterproofing agents for cardboards, retarders for chemical 
^^ns^^TT 9 a9en ! S ' T r T bind6rS ' e ' eCtriC inSU ' ati0nS f ° r pa P er condensers ^ efectnc wires and 
^^^^^^ T PrOCeSSin9 aidS ' Wate " e P el,in 9 a 9ents for building materials, protecting 
agents for coatings, calendering agents, thixotropy imparting agents, hardness imparting agents forthe cores of oencils 

^S^^T ' nk ' eleCtr h 0PhOt ° 9raphiC ^ -'ding of 

mold releasing agents, resin coloring agents, hot-melt adhesives, and lubricating greases 

ano "TsaTTb t^Z h * the ™? tion " ^ ^ ° f th6 ^<™*°« "nits from the 1 ,4,5,8-dimeth- 
f'om 5 95 1 £ V T m !2 9 t0 P°'y meri2ed unit <™ ethylene is from 3:97 to 20:80. preferably 

to exce lent transparency, heat resistance, chemical and solvent resistance, electrical properties ootical nrnnprti^ 
bSi™^ ^ Sh ° W ,6ather Pr ° PertieS - ACCOrdin9,y {h6y - USe{ul » "i-SSi™ 
The alpha-olefins having at least 3 carbon atoms making up monomer component (iii) may be linear or branched, 
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Sgggssssass wa aasaB B as 
y«r^rr^ 

determined by ASTM D542, of 1 47 to I 58 mostlv 1 48 K 1%ft ui. h . n 9 ' 3 re " ac,lve 

by ASTM D 10 03, is usua „y no, SS^ I! -~Ny amorphous, and i.shaze, de,erm,ned 

^methylenebV^ 
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butyl-4-hydroxyphenyl)propionyloxyethyl] isocyanurate 2-octvlthio-4 6-diM hwHmv,, ... » 

It is also possible to incorporate a compound of formula 

MxAl y (OH) 2x+3y . 2z(A ) 2 .aH 2 0 

Examples of the compounds of the above formula are 

Mg 6 AI 2 (OH) 16 C0 3 -4H 2 0, 
Mg 8 AI 2 (OH) 20 CO 3 .5H 2 O. 
Mg s AI 2 (OH) 14 C0 3 -4H 2 0, 
M9 1 0 A ' 2 ( OH )22( CO 3)2- 4 H 2 O > 
M9 6 AI 2 (OH) 16 HP0 4 .4H 2 0, 
Ca 6 AI 2 (OH) 16 C0 3 -4H 2 0, 
Zn 6 AI 2 {OH) 16 C0 3 -4H 2 0, 
Zn 6 AI 2 (OH) 1 6S0 4 .4H 2 0, 
Mg 6 AI 2 (0H) 16 SO 4 .4H 2 O, 

and 

Mg 6 AI 2 (OH) 12 C0 3 .3H 2 0. 

501.181/1980 aoenzoluranone as d.sclosed in Japanese Laid-Open Patent Publication No. 

zotria2oles S uchas2-(2'-hydroxv-3'-tert biitvl s° m l . ? t "fP henone and2 >4-dihydroxybenzophenone; ben- 
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^ « S i 2 ; 2 ; 6 ' e "?^ methyl " 4 " Pjperidine)SebaCate ' P 0, y^ 6 -( 1 ^.3,3-tetramethylbuIyl)-imino)-l,3.5-triazine-2 4-diyl 4- 
P " P Tr!? ),mfn ° )heXamethy,ene] 3 conde -^-n product of dimethyl succinate and 2 4-hy- 

droxy-2,2,6,6-tetramethyl-1-pipendyl)ethanol. 

DVle nfwTh^ h f^ bri T S inC . ,Ude a ' ipha,iC h V drocarbons such as paraffin wax, polyethylene wax and polypro- 
aSfd^id f„H 2 8C S h 38 aCid ' ' aUriC add * myriStic acid ' palmitic acid < mar 9 aric acid - stearic acid, 
. • 1 k° : meta ' 33118 ° f hi9h6r fattV 3CidS SUCh as lithium > calcium ' magnesium and 

SZTiS^TT!" <atty 3CidS; a ' iPhatiC a,COh ° IS SUCh 35 Palmi, y' a,coho1 ' -ty. alcoho, and 
stearyl alcohol, aliphatic amrdes such as caproic amide, caprylic amide, capric amide, lauric amide myristic amide 
almitic amide and steanc amide; esters formed between fatty acids and alcohols; and fluorine compound such as 
fluoroalkylcarboxylic acids metal salts thereof, and metal salts of f I uoroalky (sulfonic acids 

Examples of the fillers include inorganic or organic fibrous fillers such as glass fibers, silver- or aluminium-coated 

£££££££ TTr ?r nmm fibers * potassium titanale fibers, J£ ESSES 

Towder t r3h?jr T ' T*™ ^ ma 9 ne8ium sulfate ' 9 ra P hit *' nickel powder, silver powder, coppT 
9 ' aSS ^ a '~ ed g,ass beads, aluminium flakes .Unless sTee, 

(A) Polymers derived from hydrocarbons having 1 or 2 unsaturated bonds 

^^2^^^°' polypropylene, polyisobutylene, poly(methylbutene-l), poly(4-methylpen- 

tene-1), polyfbutene-1), poly,sorpene, polybutadiene and polystyrene, or crosslinked products thereof 

co nni°l°prT rS ? ^V™ 0 ™' 8 consti < uti ng the above polymers with each other, such as ethylene/propylene 

and 5 ^2Z7 T { ' terP ° ly r r$ ° f ethyfene ' Pr ° Py,ene and dienes such as hexadi -e, bicyclopentadiene 

Blends, grafted polymers, and block copolymers of these polymers may also be cited 

(B) Halogen-containing vinyl polymers 

(C) Potrn^ P ° ,yV ! ny,idene Chl0ride ' P ° ,yVinyl flU0ride ' P^loroprene, and chlorinated rubbers. 
(O) Polymers derived from alpha. beta-unsaturated 

^ carboxylic acids or the derivatives thereof Polyacrylate, polymethacrylate, polyacrylamide, and polyacryloni- 

n m ^° P , 0l T erS ° f * ■ 9 m °, n ° mers con stituting the above-exemplified polymers with other copolymerizable mon- 
^ -ST* 1 ^ 1 " C °- P0,ymer ' a — ~ and y acry,oni,ri,e/ S t y - 

(D) Polymers derived from unsaturated alcohols, 

hPn^T*' f d9rivatlVeS ,hereo, • or acetals PWyvinyl alcohol, polyvinyl acetate, polyvinyl stearate polyvinyl 
benzoate, polyvinyl maleate, polyvinyl butyral, polyallyl phthalate and polyallylmelamine V 

om p«° ^JT* ?I T m / on 7 ers instituting the above-exemplified polymers with other copolymerizable mon- 
omers, such as ethylene/vinyl acetate copolymer. 

(E) Polymers derived from epoxides 

Polyethylene oxide and polymer derived from hisglycidyl ether. 

(F) Polyacetals 

Polyoxymethylene, poiyoxyethylene, and polyoxymethylene containing ethylene oxide 

(G) Polyphenylene oxide 

(H) polycarbonate 

(I) Polysulfone 

(J) Polyurethane and urea resins 

" SS"*" de " Ved ' r0m d ' am,neS ***** 3CiaS and '° r acids or 

Nylon 6, nylon 66, nyfoN 11, and nylon 12. 
(L) Polyamide-polyethers 

<M) Polyesters derived from dicarboxylic acids and dialcohols and/or hydroxy carboxylic acids or the corresponding 
and phenols, urea or melamine Phenol/formaldehyde resin, urea/formaldehyde resin, and melamine/formal- 
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dehyde resin. 
(O) Alkyd resins 

Glycerin/phthalic acid resin 



ioLhC^T 1 B t P ,° lVeS[er r6SinS d9riVed from c °^y e *e { s of saturated and unsaturated dicarboxylic acids and 
knowTwax^^ 

The random copolymers of this invention may be used as a blend with each other 
The following Examples further illustrate the present invention. 



EXAMPLE 1 



Toluene (250 ml),dehydrated and dried by a molecular sieve, was put into the flask 

While nrfrogen was passed through the flask, 3.8 g of each of the compounds (a) in Table 1 as DMON q Rnn , 

===^^^ 

Methanol (5 ml) was added to the polyme, solution to stop the copolymerization reaction 

The copolymer had an ethylene content, measured by 13 C-NMR anaiv^k nf^^iao/ . ■♦• • 
ured in decalin at 135°C. of 4 2 dl/q an iodine numb >Li ^ MR H ana f ,s '. of 55 mole%, an intnnsic viscosity, meas- 
D1505, of 1 .009 g/cm3. 9 ' ^ °' ° 7 ' and a dens)t y< measured in accordance with ASTM 

by a hXrss at %TcT*l C °" P ° lym8r ™* nK * ted int0 She6tS h ^ a thickness of 1 and 2 mm 

in accordance with ASTM Dl003-52^ and found* > Z% ThTsamoth^ " I"' ! ff" 1 by * ^ ^ 

ASTM 0542, of ,.527. Flexura, modulus and« 

accordance with ASTM D790, and were found to be 2 2 x10* «nH oTn ^ / ? mm-thick press sheet in 

temperature Tg was found to be 135'^ 

r m =irtr^^ 



EXAMPLES 2-11 



The copolymerization reaction conditions were changed as shown in Table ? nth*™** , h 
m Example 1 wasperformed. The resultsare shown in Tables 3 1 an^ 

and results used and obtained in Example 1 . ' SO give the condltlons 
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Table 1 



Desig- 
nation 


Compound 


a 


or*" 


2-MethyI-l , 4 , 5 , 8-diraethano- 
1*2, 3, 4, 4a, 5, 8, 8a-octa- 
hydronaphthalene (DMON) 


b 




2-Ethyl-l,4,5,8-dimethano- 

l»2,3,4,4a,5,8,8a-octa- 

hydronaphthalene 




Propylene 


d 


1-Butene 


e 




5-Ethyl-2-norbornene 


f 


^^CH 2 CH(CH 3 > 

[|)J 5-iso-Butyl-2-norbornene 
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S39S333S- 22 
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Heat 
decom- 
position 
' tempera- 






f 1 1 1 t f 1 1 1 1 1 


BP 




I! 






II 


a s m a 1 1 1 s s 3 1 


i 




1 1 1 1 s s s s s s r 


1 


I 


l/J O ON r~* (Nl CN <Tt rH CT\ e (■"■» 
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Ethyl 
acetate 




istance 


I 




ideal res 
1 


ill 




6 


u 


Qkbkkcccbce 


Plexural 

yield 

strength 

(kg/cm 2 ) 


950 
1030 
1010 
980 
600 
650 
780 
680 
700 
720 
950 


si 


! 


22000 
20000 
17000 
21000 
16000 
18000 
16000 
19000 
18000 

28000 


i Dielectric 


J** 




o 

•H 

S8 




<D 


OO CT\ O OO c <T»t CO 0> O 




r-« rn Tt" >0 N 00 1?. O ^ 



EXAMPLE 12 

The same copolymerization as in example 1 was carried out except that 60 g of 2-methyMA5,8-dimethano- 
1,2, 3,4,4a, 5,8,8a-octahydronaphthalene, 100 millimoles of ethyl aluminum sesquichloride and 10 millimoles of dichlo- 
roethoxyoxovanadium were used, the flow rate of ethylene was changed to 320 liters/hr, hydrogen was used instead 
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of nitrogen at a flow rate of 280 liters/hr, and the polymerization temperature was changed to 30<C 

of 20 mir a °n IT 6 " 1 12 9 °! 8 C ° P0,ymer h3Ving 3n 6thylene Content ot 60 mofe% . an ethylnorbornene content 
of 20 mole% an mtrmsic v.scos.ty, measured in decalin at 135°C, of 0.15 dl/g, and an iodine number of 0 9 The 

" d * 750 ^ - ^ * an Emila-rhecrneter Z^Z^^, 

k H| Th , e , C T lymer WaS m ° !ded int ° 3 Press sheet havin 9 a thickness of 1 mm at 200°C The sheet was considerablv 
brittle. It had a crysta.linity (W), determined by X-ray diffraction, of 0%. When it was iub^^SEISSSS 
calonmeter (Type 990 made by Du Pont) at a temperature elevating rate of 5'C/min.. no m7lt n 
The softenmg temperature of the copolymer, measured by a needle penetration degree J^^^^p^ 

^^sr^iS^^*, 9 - qu r; e r with adi ™ * 0025 ™> at - t^s^s 

D1 003-52 of liy" ZvI^ hJ I P 3 haZ6 ' de,ermined substantially in accordance with ASTM 

20°/ LSnni J To examine ,ts c,1e ™*' resistance, the sample was immersed for 20 hours in 97% sulfuric acid 

%£Z£Z2i^ and methyl acetate - and its appearance was then ob — d - No — in -S 



1 . A transparent random copolymer, characterised in that 

HhSZlS °' (i ' P ° lymerized unl,s derived ,rom 31 °™ 1MkkMMMM»' 
ij,b,ba-octahydronaphthalene represented by the formula (1) .... a, 




(1) 



wherein R, and R 2 are the same or different and each represents a hydrogen atom a hafoqen atom or an 

bX 9 ;^ 



by the formula 



in which R 3 and R 4 are the same or different and each represents a hydrogen atom a halooen atom or an 

Z^lTJtZT d h units derived ,rom ethy,ene and polymerized iSlSJ^« 

alpha-olefm of at least 3 carbon atoms and/or a cycloolefin in addition to that of formula (1 ) 
B) the mole ratio of polymerized units derived from the 1,4,5,8-dimethano-l ,2.3,4,48.5,8 Sa-octahydronaoh- 
thalene to polymerized units derived from ethylene is from 3 97 to 95"5 ocianyaronapn 

ra ! i0 H° f P °' y T eriZed mitS d8riVed ,rom the at least one alphaoiefin and/or cycloolefin to the 
to20 80 and " ^ 1 ' 4 ' 5 - 8 - dime{h -°- l ' 2 ' 3 - 4 .^.5,8,8a-oc l ahydronaphthalene is from 95:5 

in!!* 1 ^' 8 '. dimethano - 1 - 2 ' 3 ' 4 - 4a - 5 - 8 ' 8a -^tahydrona P hthalene is incorporated in the polymer chain as 
polymerized units represented by formula (2) H y d as 



(2) 

7 



wherein R, and R 2 are as defined above. 
2 ' t A o ra o nd d ^ CO P 01 y meraccor ^ng to claim 1 which has an intrinsic v.scosity, measured in decalin at 135'C. of 0.005 

3. A random copolymer according to claim 1 or 2 wherein at least one of R, and R 2 is an alkyl group. 

4. A random copolymer according to claim 1 , 2 or 3 which has a glass transition temperature of at least 2°C. 
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6. Shaped articles of a random copolymer as claimed in any one of claims 1 to 4. 
Patentanspruche 

1. Transparentes statistisches Copolymer, dadurch gekennzeichnet, daO 

^stam^ Einheiten ' von mindestens einem 

i.«Ad ujmethano-1 I 2 l 3-4,4a.5,8,8a-octahydronaphthalin, angegeben durch die Formel (1) 



*1 



7 CI) 

*2 



^^11 9 ! 8iCh ° de ' verschieden sind und i^eils ein Wasserstoffatom, ein Halogenatom oder eine 

**3 



3C 



SruLTb^l^ -f ^ V6rSChieden sind und i eweil ^ ein Wasserstoffatom, ein Halogenatom oder eine 
AHvfruppa bedeuten, (.,) polymer, S ,erten Einheiten, abgeleitet von Ethylen, und (iii) polymer is ierten Ehheten 

Ma^llTT P ° lym8riSierten Einheite ". ^geleitet von dem 1 ,4 ( 5,8-Dimethano-1 2 3 4 4a 5 8 8a- 
octahydronaphthal,n, zu P olymer,s,erten Einheiten, abgeleitet von Ethylen, 3:97 bis 95 5 betrlgt 



rooc 



— (2) 



wobei R t und R 2 wie oben definiert sind. 

COP °' ymer " aCh AnSP,UCn 1 "* S,ner """W*** 9— *> Dec* bei , arc. von 0,005 

S,a.is,ischesCopo lym ernachA„spruch,ode r2 .wob Slm inc i es,enss i nerd e rRes 1 eR,un c) R 2e i„eA 1 Ky, B ru P pei s ,. 
MMtata. Copolymer naeh Ansprueh 1 . 2 ode, 3 mi, e,ner GiasObergangs.emperatur von mindestens 2X. 
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Formkorper aus einem stalistischen Copolymer nach einem der Anspruche 1 bis 4. 



Revendfeatfons 

1. Copolymere statistique transparent caracterise e 
(A) il est constitue essentiellement 



<„ ooc 

(ii) de motifs polymerises derives de I'ethylene et 

(B) le rapport molaire des motifs polymerises derives du 1 4 5 8-dimAfh^n ioq^, S[) o * , 

dans laquelle R, et R 2 sont definis comme ci-dessus. 

Si;*'* 00n '° rme ' 13 ,eVen * a " 0n 1 ° U 2 *" '«""' 3U ™*» » - e. B 2 e,< un 

CopCymere sta^que conforms » la revendlcata , . 2 ou 3 qu | a une temp era,u, e de ,ransi,icn vi.reuse au m oins 
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2 a 2 °c. 



qZmprend aTo^ L t ' " T'T C ° nf ° rme * me qUe ' C ° n ^ e des -indications precedentes 
unl «TZ c °P°'y7 nsat ' on d'un melange de monomeres constitue essentiellement d'ethylene, d'au moins 

thanoT f 1 l°7ZT 7?T* 3 at ° meS de Carb ° ne et/0U d ' me et d'au moins un 1 ,4Aw£! 

hvdroc^ dS f ° rmU,e (1) d6fini dans la "indication 1 dans un milieu 

hydrocarbons en presence d'un catalyseur forme a partir d'un compose a base de vanadium de titane ou de 

Articles formes en un copolymer statistique conforme a une quelconque des revendications 1 a 4. 
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